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(57) ABSTRACT 

A semiconductor device has a guard ring in a multilayer 
interconnection structure, Wherein the guard ring includes a 
conductive Wall extending Zigzag in a plane parallel With a 
principal surface of a substrate. 
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SEMICONDUCTOR DEVICE HAVING A GUARD 
RING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is based on Japanese pri 
ority application No. 11-76730 ?led on Mar. 13, 1999, the 
entire contents of Which are hereby incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] The present invention generally relates to semicon 
ductor devices and more particularly to a semiconductor 
device having a guard ring. 

[0003] In the art of semiconductor devices, a so-called 
multilayer interconnection structure is used for interconnect 
ing various semiconductor elements formed on a common 
substrate. A multilayer interconnection structure includes a 
number of interlayer insulation ?lms provided on the com 
mon substrate for covering the semiconductor elements, 
Wherein the interlayer insulation ?lms carry an interconnec 
tion pattern in such a manner that the interconnection pattern 
are embedded in the interlayer insulation ?lms. 

[0004] In such semiconductor devices that use the multi 
layer interconnection structure, it is generally practiced to 
provide a guard ring structure along an outer periphery of the 
semiconductor substrate so as to block the penetration of 
moisture or corrosive gas into the interior of the semicon 
ductor device along the interface betWeen the interlayer 
insulation ?lms. 

[0005] FIG. 1A shoWs a typical conventional guard ring 
in an enlarged vieW, While FIG. 1B shoWs the overall 
construction of the guard ring of FIG. 1A in a plan vieW. 

[0006] Referring to FIGS. 1A and 1B, it can be seen that 
a guard ring structure 12 is formed along an outer periphery 
of the semiconductor chip on Which a semiconductor device 
11 is formed, in such a manner that the guard ring structure 
12 surrounds the semiconductor device 11 continuously. 

[0007] FIG. 2 shoWs a cross-sectional vieW of the struc 
ture of FIG. 1B taken along a line 2-2‘. 

[0008] Referring to FIG. 2, the semiconductor device 11 
is formed on a Si substrate 21 formed With a ?eld oXide ?lm 
22, Wherein the ?eld oXide ?lm 22 de?nes a diffusion region 
21A on the surface of the Si substrate 21. 

[0009] On the Si substrate 21, it should be noted that 
interlayer insulation ?lms 23-25 are deposited consecutively 
so as to cover the ?eld oXide ?lm 22 and the diffusion region 
21A, Wherein the interlayer insulation ?lms 22-25 may be 
formed of an inorganic material such as SiO2, PSG, BPSG, 
and the like. Alternatively, the interlayer insulation ?lms 
may be formed of an organic material such as ?uorocarbon, 
hydrocarbon, polyimide, or organic SOG. 

[0010] As represented in FIG. 2, the interlayer insulation 
?lm 23 is formed of a contact groove 23A eXposing the 
diffusion region 21A, such that the contact groove 23A 
eXtends continuously along the outer periphery of the semi 
conductor device 11. The contact groove 23A is ?lled With 
a conductive Wall 23B of W, and the like, and a conductive 
pattern 24A of W, WSi or polysilicon is formed on the 
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interlayer insulation ?lm 23 in mechanical as Well as elec 
trical contact With the conductive Wall 23B. Thereby, the 
conductive pattern 24A eXtends along the outer peripheral 
edge of the semiconductor device 11. 

[0011] The conductive pattern 24A thus formed, in turn, is 
covered by the interlayer insulation ?lm 24, Wherein the 
interlayer insulation ?lm 24 is formed With a contact groove 
24B so as to eXpose the conductive pattern 24A. Thereby, 
the contact groove 24B eXtends continuously and in parallel 
With the contact groove 24A along the outer periphery of the 
semiconductor device 11. 

[0012] The contact groove 24B is ?lled With a conductive 
Wall 24C of W, and the like, and a conductive pattern 25A 
of W, WSi or polysilicon is formed on the interlayer insu 
lation ?lm 24 in electrical as Well as mechanical contact With 
the conductive Wall 24C. Thereby, the conductive pattern 
25A eXtends along the outer periphery of the semiconductor 
device in correspondence to the contact groove 24B. 

[0013] The conductive pattern 25A, in turn, is covered by 
the interlayer insulation ?lm 25 and a contact groove 25B is 
formed in the interlayer insulation ?lm 25 continuously 
along the outer periphery of the semiconductor device 11 in 
a parallel relationship With respect to the conduct groove 
24B, Wherein the contact groove 25B is formed so as to 
eXpose the conductive pattern 25A. 

[0014] Further, the contact groove 25B is ?lled With a 
conductive Wall 25C and a conductive pattern 26A of W, 
WSi or polysilicon is formed on the interlayer insulation 
?lm 25 in electrical as Well as mechanical contact With the 
conductive groove 25C, Wherein the conductive pattern 26A 
is formed continuously along the outer periphery of the 
semiconductor device 11 in correspondence to the contact 
groove 25B. The conductive pattern 26A is covered by a 
protective ?lm 26 such as SiN formed on the interlayer 
insulation ?lm 25. 

[0015] According to the construction of FIG. 2, the con 
ductive Walls 23B, 24C and 25C form, together With the 
conductive patterns 24A, 25A and 26A, the guard ring 12 
represented in FIG. 1B. By forming such a guard ring 12, 
the problem of penetration of H20 or corrosive gas into the 
interior of the semiconductor device 11 along the interface 
boundary betWeen the interlayer insulation ?lms, such as the 
interface betWeen the interlayer insulation ?lm 23 and the 
interlayer insulation ?lm 24, is effectively blocked. 

[0016] Conventionally, the guard ring structure such as the 
one represented in FIG. 2 has been formed simultaneously 
to the formation of the multilayer interconnection structure. 
In such conventional multilayer interconnection structure, it 
has been practiced to form a conductive pattern on an 
underlying layer and cover the conductive pattern thus 
formed by an insulation ?lm. The insulation ?lm thus 
formed is further subjected to a planariZation process. 

[0017] In recent advanced semiconductor devices called 
sub-micron devices or sub-quarter-micron devices, on the 
other hand, delay of electric signals in the multilayer inter 
connection structure is becoming a serious problem. Thus, in 
order to address the foregoing problem of signal delay, it has 
been practiced to use loW-resistance Cu for the conductive 
pattern in such a multilayer interconnection structure in 
combination With organic interlayer insulation ?lms, Which 
have a characteristically loW dielectric constant. 
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[0018] In the multilayer interconnection structure using 
Cu for the interconnection pattern, it has been practiced to 
use a so-called dual-damascene process in vieW of the fact 
that patterning of Cu by a dry etching process is dif?cult, 
contrary to the conventional conductor material such as Al, 
W. Si or Au used for this purpose. In a dual-damascene 
process, interconnection grooves or contact holes are formed 
in the interlayer insulation ?lm in advance and the intercon 
nection grooves or contact holes are ?lled With a Cu layer by 
Way of a suitable deposition process such as an electrolytic 
plating process. After the deposition of the Cu layer, the part 
of the Cu layer remaining on the interlayer insulation ?lm is 
removed by a chemical mechanical polishing (CMP) pro 
cess. As a result of the CMP process, a Cu pattern of Cu plug 
?lling the interconnection groove or contact hole is 
obtained. 

[0019] In vieW of the potential usefulness of forming 
extremely minute patterns, dual-damascene process is used 
not only in the multilayer interconnection structure that uses 
Cu for the interconnection patterns but also in general 
multilayer interconnection structure for use in advanced, 
highly miniaturiZed semiconductor devices. Further, CMP 
process can provide an exactly ?at surface and is used 
extensively in various planariZing processes. 

[0020] FIG. 3A shoWs a CMP process conducted to the 
semiconductor device 11 represented in FIGS. 1A and 1B, 
While FIG. 3B shoWs a part of FIG. 3A in an enlarged vieW. 

[0021] Referring to FIGS. 3A and 3B, the CMP process 
is conducted on a rotating polishing platen covered With a 
polishing cloth, and a semiconductor Wafer 10, on Which a 
number of semiconductor devices are formed, is urged 
against the polishing cloth under a predetermined pressure 
While dropping a polishing slurry. As the same time, the 
semiconductor Wafer 10 itself is also rotated at a predeter 
mined speed. 

[0022] When such a CMP process is applied to the semi 
conductor device 11 having the guard ring structure, it Will 
be understood from FIG. 3B that there is a moment in Which 
the direction of the CMP coincides With the elongating 
direction of the guard ring structure 12. 

[0023] FIG. 4 shoWs the relative distribution of the veloc 
ity of slurry particles for the case in Which the Wafer 10 of 
FIG. 3A is urged against the polishing platen rotating at the 
rotational speed of 0.857 rps (rotation per second) While 
rotating the Wafer 10 at the rotational speed of 0.857 rps. 

[0024] Referring to FIG. 4, it Will be noted that the 
velocity vX and the velocity vy of the polishing particles 
change, When the particles are on the central part of the 
Wafer 10, along a circular path represented by a shading as 
a result of the rotation or revolution of the Wafer 10. On the 
other hand, the velocities vX and vy of the slurry particles on 
the peripheral part of the Wafer 10 change along a circular 
path represented in FIG. 4 by a continuous line. It should be 
noted that the x-direction and y-direction are de?ned for the 
tWo-dimensional Cartesian coordinate system ?xed to the 
Wafer 10. 

[0025] As can be seen clearly from FIG. 4, the relative 
speed of the abrasive particles becomes larger in the periph 
eral part of the Wafer 10 than in the central part due to the 
effect of increased distance from the rotational center of the 
rotating platen. This effect of increased relative speed of the 
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abrasive particles at the peripheral part of the Wafer 10 is 
enhanced When the diameter of the Wafer 10 is increased. 

[0026] Referring back to FIGS. 3A and 3B, it should be 
noted that the guard ring 12 on the Wafer 10 experience a 
large stress at the time of the CMP process as a result of the 
engagement With the slurry particles, Wherein the effect of 
the stress is enhanced in the semiconductor devices 11 that 
are formed on the peripheral part of the Wafer 10 than in the 
semiconductor devices 11 formed on the central part. 

[0027] In the state of FIG. 3B, it can be seen that the 
abrasive particles exert a stress in the elongating direction of 
the guard ring structure 12. In vieW of the fact that such a 
long continuous pattern generally includes, someWhere 
therein, a defective part Where the adhesion to the underly 
ing layer is poor, there is a substantial risk, in the state of 
FIG. 3B, that an exfoliation of the guard ring 12 may occur 
in such a defective part When the elongating direction of the 
guard ring 12 is coincident With the moving direction of the 
polishing particles. In the case the elongating direction of the 
guard ring 12 is oblique to the direction of the moving 
polishing particles, on the other hand, the guard ring 12 is 
laterally supported by the Walls of the groove in Which the 
guard ring 12 is formed, and no substantial exfoliation 
occurs even in the defective part. Further, such a problem of 
conductive pattern exfoliation associated With the CMP 
process does not occur in the interconnection patterns in the 
multilayer interconnection structure in vieW of the fact that 
such an interconnection pattern generally has a ZigZag or 
complex pattern. 

[0028] In the state of FIG. 3B, the guard ring 12 extending 
in the y-direction lacks such a lateral support structure, and 
thus, the existence of defective part in any of the conductive 
Walls 23B. 24C or 25C easily causes damaging in the guard 
ring 12 in correspondence to such a defective part as 
represented in FIG. 5. In FIG. 5, it should be noted that 
those parts corresponding to the parts described previously 
ar5e designated by the same reference numerals and the 
description thereof Will be omitted. In the structure of FIG. 
5, it Will be noted that the bottom surface and the side Wall 
of the contact groove 23A is covered by an adhesion ?lm 
(23B)1 of a refractory metal compound such as TiN for 
improving the adhesion. 

SUMMARY OF THE INVENTION 

[0029] Accordingly, it is a general object of the present 
invention to provide a novel and useful semiconductor 
device Wherein the foregoing problems are eliminated. 

[0030] Another and more speci?c object of the present 
invention is to provide a semiconductor device having a 
guard ring structure Wherein the problem of exfoliation of 
the guard ring structure during a CMP process is effectively 
eliminated. 

[0031] Another object of the present invention is to pro 
vide a semiconductor device, comprising: 

[0032] a substrate; and 

[0033] a multilayer interconnection structure formed 
on said substrate, 

[0034] said multilayer interconnection structure 
including: an interlayer insulation ?lm provided on 
said substrate; and a guard ring pattern embedded in 
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said interlayer insulation ?lm, said guard ring pattern 
extending along a periphery of said substrate in 
contact With a surface of said substrate, 

W erem sa1 uar rm attern as a Z1 2a 0035 h ' 'd g d ' g p h 'g g 
pattern When vieWed perpendicular to said substrate. 

[0036] Another object of the present invention is to pro 
vide a method of fabricating a semiconductor device, com 
prising the steps of: 

[0037] depositing an interlayer insulation ?lm on a 
substrate; 

[0038] forming a ?rst groove in said interlayer insu 
lation ?lm to as to extend continuously along a 
periphery of said substrate; 

[0039] forming a second groove in said interlayer 
insulation ?lm such that said second groove extend 
continuously in said ?rst groove; 

[0040] depositing a conductive layer on said inter 
layer insulation ?lm sot as to ?ll said ?rst and second 
grooves; and 

[0041] removing a part of said conductive layer locat 
ing above said interlayer insulation ?lm by a chemi 
cal mechanical polishing process, to form a guard 
ring pattern ?lling said ?rst and second grooves, 

[0042] Wherein said step of forming said second 
groove is conducted such that said second groove has 
a ZigZag pattern in said ?rst groove. 

[0043] According to the present invention, the guard ring 
has a pattern that avoids extending continuously in a pre 
determined direction for a long distance. Thereby, the guard 
ring pattern is effectively supported by the interlayer insu 
lation ?lm at the side Walls thereof in any tWo, mutually 
perpendicular directions. 

[0044] Other objects and further features of the present 
invention Will become apparent from the folloWing detailed 
description When read in conjunction With the attached 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIGS. 1A and 1B are diagrams shoWing a guard 
ring structure of a related art; 

[0046] FIG. 2 is a diagram shoWing the guard ring struc 
ture of the related art in a cross-sectional vieW; 

[0047] FIGS. 3A and 3B are diagrams shoWing a CMP 
process according to a related art; 

[0048] FIG. 4 is a diagram shoWing the relative distribu 
tion of slurry particles during a CMP process of a Wafer; 

[0049] FIG. 5 is a diagram shoWing an example of a 
defective guard ring structure; 

[0050] FIG. 6 is a diagram shoWing a guard ring structure 
according to a ?rst embodiment of the present invention in 
a plan vieW; 

[0051] FIG. 7 is a diagram shoWing the guard ring struc 
ture of FIG. 6 in a cross-sectional vieW; 

[0052] FIGS. 8A-8D are diagrams shoWing the fabrica 
tion step of the semiconductor device of FIG. 6; 
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[0053] FIG. 9 is a diagram shoWing a guard ring structure 
according to a second embodiment of the present invention 
in a plan vieW; 

[0054] FIG. 10 is a diagram shoWing a guard ring struc 
ture according to a third embodiment of the present inven 
tion in a plan vieW; and 

[0055] FIG. 11 is a diagram shoWing a guard ring struc 
ture according to a fourth embodiment of the present inven 
tion in a plan vieW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

First Embodimet 

[0056] FIG. 6 shoWs the construction of a semiconductor 
device 40 according to a ?rst embodiment of the present 
invention in a plan vieW, While FIG. 7 shoWs the semicon 
ductor device 40 in a cross-sectional vieW. 

[0057] Referring to the cross-sectional vieW S of FIG. 7 
?rst, the semiconductor device 40 is formed on a Si substrate 
42 carrying thereon a ?eld oxide ?lm 42, Wherein the ?eld 
oxide ?lm 42 de?nes a diffusion region 41A on the surface 
of the Si substrate 41. 

[0058] The Si substrate 41 is covered With an interlayer 
insulation ?lm 431 formed of any of an inorganic insulation 
?lm such as SiO2, PSG or BPSG, or an organic insulation 
?lm such as ?uorocarbon, hydrocarbon, polyimide or 
organic SOG, Wherein the interlayer insulation ?lm 431 is 
formed so as to cover the ?eld oxide ?lm 42 and the 
diffusion region 41A. 

[0059] The interlayer insulation ?lm 431 is formed With a 
contact groove 431a exposing the diffusion region 41A, 
Wherein the contact groove 431 has a ZigZag form and is 
formed continuously along the periphery of the semicon 
ductor device 41 as Will be explained beloW With reference 
to the plan vieW of FIG. 6. The contact groove 431, is ?lled 
With a conductive Wall 431b of W, and the like. 

[0060] In the construction of FIG. 7, it should be noted 
that the interlayer insulation ?lm 431 is covered by an SiN 
?lm 432 functioning as an etching stopper, and another 
interlayer insulation ?lm 433 is deposited on the etching 
stopper ?lm 432. The interlayer insulation ?lm 433 may be 
formed of any of an inorganic insulation ?lm such as SiO2, 
PSG or BPSG, or an organic insulation ?lm such as ?uo 
rocarbon, hydrocarbon, polyimide or organic SOG, similar 
to the interlayer insulation ?lm 431. 

[0061] Further, the interlayer insulation ?lm 433 is formed 
With a groove 4333 so as to expose the top surface of the 
interlayer insulation ?lm 431 penetrating through the etching 
stopper layer 432 underneath, Wherein the groove 433, 
exposes the foregoing contact groove 4318. The groove 4333 
is then ?lled With a conductive pattern 433b of W. The 
conductive pattern 433b thus formed makes a continuous 
contact With the conductive Wall 43%. 

[0062] The conductive pattern 433b has a ?ush surface 
With the interlayer insulation ?lm 433, and the interlayer 
insulation ?lm 431, the etching stopper ?lm 432 and the 
interlayer insulation ?lm 433 form together an interlayer 
insulation structure 43. 
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[0063] On the interlayer insulation structure 43, there is 
provided an interlayer insulation ?lm 441 of any of an 
inorganic insulation ?lm such as SiO2, PSG or BPSG, or an 
organic insulation ?lm such as ?uorocarbon, hydrocarbon, 
polyimide or organic SOG similar to the interlayer insula 
tion ?lm 431, such that the interlayer Insulation ?lm 441 
covers the conducto9r pattern 43%. The interlayer insulation 
?lm 441 is formed With a contact groove 441a exposing the 
conductive pattern 433b, Wherein the contact groove 4418 has 
a ZigZag pattern and extends continuously along the outer 
periphery of the semiconductor device 41 constituting an 
integrated circuit as Will be explained beloW With reference 
to FIG. 6. The contact groove 4418 is ?lled With a conductive 
Wall 441b of Cu, W, and the like. 

[0064] The interlayer insulation ?lm 441 is covered by an 
SiN ?lm 442 functioning as an etching stopper, and another 
interlayer insulation ?lm 443 is deposited on the etching 
stopper ?lm 442. The interlayer insulation ?lm 443 may be 
formed of any of an inorganic insulation ?lm such as SiO2, 
PSG or BPSG, or an organic insulation ?lm such as ?uo 
rocarbon, hydrocarbon, polyimide or organic SOG, similar 
to the interlayer insulation ?lm 441. 

[0065] Further, the interlayer insulation ?lm 443 is formed 
With a groove 4433 so as to expose the top surface of the 
interlayer insulation ?lm 441 penetrating through the etching 
stopper layer 442 underneath, Wherein the groove 443, 
exposes the foregoing contact groove 4418. The groove 4433 
is then ?lled With a conductive pattern 443b of W. The 
conductive pattern 443b thus formed makes a continuous 
contact With the conductive Wall 44%. 

[0066] The conductive pattern 443b has a ?ush surface 
With the interlayer insulation ?lm 443, and the interlayer 
insulation ?lm 441, the etching stopper ?lm 442 and the 
interlayer insulation ?lm 443 form together an interlayer 
insulation structure 44. 

[0067] On the interlayer insulation structure 44, there is 
provided an interlayer insulation ?lm 451 of any of an 
inorganic insulation ?lm such as SiO2, PSG or BPSG, or an 
organic insulation ?lm such as ?uorocarbon, hydrocarbon, 
polyimide or organic SOG similar to the interlayer insula 
tion ?lm 441, such that the interlayer insulation ?lm 451 
covers the conducto9r pattern 44%. The interlayer insulation 
?lm 451 is formed With a contact groove 451a exposing the 
conductive pattern 443b, Wherein the contact groove 4513 has 
a ZigZag pattern and extends continuously along the outer 
periphery of the semiconductor device 41 as Will be 
explained beloW With reference to FIG. 6. The contact 
groove 4518 is ?lled With a conductive Wall 451b of Cu, W, 
and the like. 

[0068] The interlayer insulation ?lm 451 is covered by an 
SiN ?lm 452 functioning as an etching stopper, and another 
interlayer insulation ?lm 453 is deposited on the etching 
stopper ?lm 452. The interlayer insulation ?lm 453 may be 
formed of any of an inorganic insulation ?lm such as SiO2, 
PSG or BPSG, or an organic insulation ?lm such as ?uo 
rocarbon, hydrocarbon, polyimide or organic SOG, similar 
to the interlayer insulation ?lm 451. 

[0069] Further, the interlayer insulation ?lm 453 is formed 
With a groove 4533 so as to expose the top surface of the 
interlayer insulation ?lm 451 penetrating through the etching 
stopper layer 452 underneath, Wherein the groove 4533 
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exposes the foregoing contact groove 451,. The groove 4533 
is then ?lled With a conductive pattern 453b of W. 

[0070] The conductive pattern 453b thus formed makes a 
continuous contact With the conductive Wall 45%. 

[0071] The conductive pattern 453b has a ?ush surface 
With the interlayer insulation ?lm 453, and the interlayer 
insulation ?lm 451, the etching stopper ?lm 452 and the 
interlayer insulation ?lm 453 form together an interlayer 
insulation structure 45. Further, a protective ?lm 46 of SiN 
is formed on the interlayer insulation ?lm 453. 

[0072] In the layered structure in Which the foregoing 
interlayer insulation structures 43-45 are stacked, Water or 
corrosive gas penetrating along the layer boundary is effec 
tively blocked by the conductive Walls 431b, 441b and 451b 
and/or by the conductive patterns 433b, 443b and 45%. 
Thereby, the conductive Walls 431b, 441b and 451b and the 
conductive patterns 433b, 443b and 453b form together a 
guard ring 40A of the semiconductor integrated circuit 40. 

[0073] FIGS. 8A-8D shoW the fabrication process of the 
semiconductor device 40 of FIG. 7. 

[0074] Referring to FIG. 8A, the interlayer insulation ?lm 
431, SiN etching stopper layer 432 and the interlayer insu 
lation ?lm 433 are deposited consecutively on the Si sub 
strate 41 on Which the diffusion region 41A and the ?eld 
oxide ?lm 42 are formed, and a resist pattern 51 having a 
resist opening 51A is formed on the interlayer insulation ?lm 
433. Further, a dry etching process is conducted While using 
the resist pattern 51 as a mask, until the etching stopper 432 
is exposed. As a result of the dry etching process, a groove 
4333 is formed in the interlayer insulation ?lm 433. 

[0075] Next, in the step of FIG. 8B, the resist pattern 51 
is removed and another resist pattern 52 is formed on the 
structure thus formed such that the resist pattern 52 has a 
resist opening 52 inside the groove 4338. Further, by apply 
ing a dry etching process to the SiN ?lm 432 and the 
interlayer insulation ?lm 431 While using the resist pattern 
51 as a mask, a structure represented in FIG. 8C is obtained. 

[0076] Next, in the step of FIG. 8D, a Cu layer 53 is 
deposited on the structure of FIG. 8C by a sputtering 
process of electrolytic plating process. Further, by removing 
the Cu layer 53 for the part locating above the interlayer 
insulation ?lm 433 by a CMP process. Further, by repeating 
the similar processes, the structure of FIG. 7 is obtained. 

[0077] Referring to the plan vieW of FIG. 6 again, the 
uppermost conductive pattern 453b extends along an edge 
surface 41E of the semiconductor substrate 41 With a typical 
Width L of 10 pm, Wherein it Will be noted that the 
uppermost conductive Wall 451b extends, Within a band-like 
region having a Width of LW of typically 8 pm, With a ZigZag 
pattern. The conductive Wall 451b itself has a Width Wc of 
typically 0.5 pm. 

[0078] As can be seen in the cross-sectional vieW of FIG. 
7, the loWermost conductive patterns 433b and 443b extend 
parallel With the uppermost conductive pattern 453b, While 
the intermediate conductive Wall 441b has a ZigZag pattern of 
the anti-phase relationship With respect to the uppermost 
conductive Wall 45%. On the other hand, the loWermost 
conductive Wall 431b extends in an in-phase relationship 
With respect to the uppermost conductive Wall 451b. 
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[0079] More speci?cally, each of the conductive Walls 
431b, 441b and 451b are bent repeatedly and alternately With 
an angle 0 of :120° in each unit lengthy Lc of typically 6.4 
pm. Thereby, the conductive Walls 431b, 441b and 451b have 
a Width WCL of about 0.58 pm When measured in the 
direction perpendicular to the edge surface 41E, and a 
margin La of about 1 pm is secured betWeen the side edge of 
the conductive Wall and the edge surface 41E. 

[0080] When a CMP process is applied to the guard ring 
40A having such a structure in the step of FIG. 8D, a stress 
acting oppositely to the polishing direction is applied to the 
guard ring 40A, and each of the conductive Walls 431b, 441b 
and 451b experience a stress component acting in the elon 
gating direction thereof. On the other hand, in vieW of the 
fact that the length of elongation of the conductive Walls is 
limited Within the length Lc (more exactly the length of 
(LW2+Lc2)1/ 2 for each of the conductive Walls 431b, 441b and 
451b, the situation of the stress acting to the guard ring 
extending over a long distance as in the case of FIGS. 1A 
and 1B is effectively avoided. It should be noted that each 
of the conductive Walls 431b, 441b and 451b constituting the 
guard ring 40A has the longitudinal ends supported by the 
interlayer insulation structure 43, 44 or 45, and the exfolia 
tion is effectively avoided even in such a case a defective 
part is included in the conductive Wall. 

Second Embodiment 

[0081] FIG. 9 shoWs the construction of a semiconductor 
device 50 according to a second embodiment of the present 
invention in a plan vieW. As the semiconductor device 50 of 
the present embodiment is a modi?cation of the semicon 
ductor device 40 described previously, those parts corre 
sponding to the parts described previously are designated by 
the same reference numerals and the description thereof Will 
be omitted. 

[0082] Referring to FIG. 9, the uppermost conductive 
pattern 453b extends along the edge surface 41E of the 
semiconductor substrate 41 With a typical Width L of 10 pm, 
Wherein it Will be noted that the uppermost conductive Wall 
451b extends, Within a band-like region having a Width of LW 
of typically 8 pm, With a rectangular Wave pattern. The 
conductive Wall 451b itself has a Width Wc of typically 0.5 
pm. 

[0083] In the present embodiment, too, the loWermost 
conductive patterns 433b and 443b extend parallel With the 
uppermost conductive pattern 453b, While the intermediate 
conductive Wall 441b has a ZigZag pattern of the anti-phase 
relationship With respect to the uppermost conductive Wall 
45%. On the other hand, the loWermost conductive Wall 431b 
extends in a in-phase relationship With respect to the upper 
most conductive Wall 45%. 

[0084] More speci?cally, each of the conductive Walls 
431b, 441b and 451b are bent repeatedly and alternately With 
an angle 0 of 190° in each unit lengthy Lc of typically 6.4 
pm. Thereby, the conductive Walls 431b, 441b and 451b have 
a Width WCL of about 0.58 pm When measured in the 
direction perpendicular to the edge surface 41E, and a 
margin La of about 1 pm is secured betWeen the side edge of 
the conductive Wall and the edge surface 41E. 

[0085] When a CMP process is applied to the guard ring 
40A having such a structure in the step of FIG. 8D, a stress 
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acting oppositely to the polishing direction is applied to the 
guard ring 40A, and each of the conductive Walls 431b, 441b 
and 451b experience a stress component acting in the elon 
gating direction thereof. On the other hand, in vieW of the 
fact that the length of elongation of the conductive Walls is 
limited for each of the conductive Walls 431b, 441b and 451b, 
the situation of the stress acting to the guard ring extending 
over a long distance as in the case of FIGS. 1A and 1B is 
effectively avoided. It should be noted that each of the 
conductive Walls 431b. 441b and 451b constituting the guard 
ring 40A has the longitudinal ends supported by the inter 
layer insulation structure 43, 44 or 45, and the exfoliation as 
explained With reference to FIG. 5 is effectively avoided 
even in such a case a defective part is included in the 
conductive Wall. 

Third Embodiment 

[0086] FIG. 10 shoWs the construction of a semiconductor 
device 60 according to a third embodiment of the present 
invention in a plan vieW. As the semiconductor device 60 of 
the present embodiment is a modi?cation of the semicon 
ductor device 40 described previously, those parts corre 
sponding to the parts described previously are designated by 
the same reference numerals and the description thereof Will 
be omitted. 

[0087] Referring to FIG. 10, the uppermost conductive 
Wall 451b extends in the form of a ZigZag pattern, in a band 
region typically having a Width of 8 pm, With a Width WC of 
0.5 pm, and the uppermost conductive pattern 453b extends 
along the conductive Wall 451b With a typical Width L of 10 
pm in the form of a corresponding ZigZag pattern. 

[0088] In the present embodiment, too, the intermediate 
conductive Wall 441b extends in a ZigZag pattern With an 
anti-phase relationship With respect to the uppermost con 
ductive Wall 45%. On the other hand, the loWermost con 
ductive Wall 431b extends ZigZag in an in-phase relationship 
With respect to the uppermost conductive Wall 45%. Asso 
ciated With this, the conductive pattern 443b of the interme 
diate layer extend ZigZag along the intermediate conductive 
Wall 441b, and the conductive pattern 433b extends also 
ZigZag along the loWermost conductive Wall 431b. 

[0089] More speci?cally, each of the conductive Walls 
431b, 441b and 451b are bent repeatedly and alternately With 
an angle 0 of :120° in each unit lengthy Lc of typically 6.4 
pm. Thereby, a margin La of about 1 pm is secured betWeen 
the side edge of the conductive Wall and the edge surface 
41E. 

[0090] When a CMP process is applied to the guard ring 
40A having such a structure in the step of FIG. 8D, a stress 
acting oppositely to the polishing direction is applied to the 
guard ring 40A, and each of the conductive Walls 431b. 441b 
and 451b experience a stress component acting in the elon 
gating direction thereof. On the other hand, in vieW of the 
fact that the length of elongation of the conductive Walls is 
limited for each of the conductive Walls 431b, 441b and 451b, 
the situation of the stress acting upon the guard ring extend 
ing over a long distance as in the case of FIGS. 1A and 1B 
is effectively avoided. It should be noted that each of the 
conductive Walls 431b. 441b and 451b constituting the guard 
ring 40A has the longitudinal ends supported by the inter 
layer insulation structure 43, 44 or 45, and the exfoliation as 
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explained With reference to FIG. 5 is effectively avoided 
even in such a case a defective part is included in the 
conductive Wall. 

Fourth Embodiment 

[0091] FIG. 11 shoWs the construction of a semiconductor 
device 70 according to a fourth embodiment of the present 
invention in a plan vieW. As the semiconductor device 70 of 
the present embodiment is a modi?cation of the semicon 
ductor device 50 described previously, those parts corre 
sponding to the parts described previously are designated by 
the same reference numerals and the description thereof Will 
be omitted. 

[0092] Referring to FIG. 11, the uppermost conductive 
Wall 451b extends in the form of a rectangular Waveform 
pattern, in a band region typically having a Width of 8 pm, 
With a Width Wc of 0.5 pm, and the uppermost conductive 
pattern 453b extends along the conductive Wall 451b With a 
typical Width L of 10 pm in the form of a corresponding 
rectangular Waveform pattern. 

[0093] In the present embodiment, too, the intermediate 
conductive Wall 441b extends in a rectangular Waveform 
pattern With an anti-phase relationship With respect to the 
uppermost conductive Wall 451b. On the other hand, the 
loWermost conductive Wall 431b extends in a rectangular 
Waveform pattern of the in-phase relationship With respect to 
the uppermost conductive Wall 45%. Associated With this, 
the conductive pattern 443b of the intermediate layer extend 
in the rectangular Waveform pattern along the intermediate 
conductive Wall 441b, and the conductive pattern 433b 
extends also in the form of rectangular Waveform pattern 
ZigZag along the loWermost conductive Wall 431b. 

[0094] More speci?cally, each of the conductive Walls 
431b. 441b and 451b are bent repeatedly and alternately With 
an angle 0 of 190° in each unit lengthy Lc of typically 6.4 
pm. Thereby, a margin La of about 1 pm is secured betWeen 
the side edge of the conductive Wall and the edge surface 
41E. 

[0095] When a CMP process is applied to the guard ring 
40A having such a structure in the step of FIG. 8D, a stress 
acting oppositely to the polishing direction is applied to the 
guard ring 40A, and each of the conductive Walls 431b. 441b 
and 451b experience a stress component acting in the elon 
gating direction thereof. On the other hand, in vieW of the 
fact that the length of elongation of the conductive Walls is 
limited for each of the conductive Walls 431k). 441b and 451b, 
the situation of the stress acting upon the guard ring extend 
ing over a long distance as in the case of FIGS. 1A and 1B 
is effectively avoided. It should be noted that each of the 
conductive Walls 431b, 441b and 451b constituting the guard 
ring 40A has the longitudinal ends supported by the inter 
layer insulation structure 43, 44 or 45, and the exfoliation as 
explained With reference to FIG. 5 is effectively avoided 
even in such a case a defective part is included in the 
conductive Wall. 

[0096] In the present invention, it should be noted that the 
conductive patterns and conductive Walls constituting the 
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guard ring is not limited to Cu but various other metals or 
conductors such as W, Au, Al, polysilicon, and the like, may 
be used also. Further, it is not necessary for the guard ring 
to surround the substrate continuously and completely, but 
the guard ring may be formed intermittently. 

[0097] Further, the present invention is not limited to the 
embodiments described heretofore, but various variations 
and modi?cations may be made Without departing from the 
scope of the invention. 

1-7. (canceled) 
8. A method of fabricating a semiconductor device, com 

prising the steps of: 

depositing an interlayer insulation ?lm on a substrate; 

forming a ?rst groove in said interlayer insulation ?lm to 
as to extend continuously along a periphery of said 
substrate; 

forming a second groove in said interlayer insulation ?lm 
such that said second groove extend continuously in 
said ?rst groove; 

depositing a conductive layer on said interlayer insulation 
?lm so as to ?ll said ?rst and second grooves; and 

removing a part of said conductive layer locating above 
said interlayer insulation ?lm by a chemical mechanical 
polishing process, to form a guard ring pattern ?lling 
said ?rst and second grooves, 

Wherein said step of forming said second groove is 
conducted such that said second groove changes, in 
said ?rst groove, a direction thereof alternately and 
repeatedly in a plane parallel to said substrate. 

9. A method as claimed in claim 8, Wherein said step of 
forming said ?rst groove is conducted such that said ?rst 
groove extends in a straight pattern along a peripheral edge 
of said substrate. 

10. A method as claimed in claim 8, Wherein said step of 
forming said ?rst groove is conducted that said ?rst groove 
changes a direction thereof alternately and repeatedly in said 
plane in correspondence to said second groove. 

11. A method as claimed in claim 8, Wherein said con 
ductive layer is formed of Cu. 

12. A method as claimed in claim 8, Wherein said step of 
forming said interlayer insulation ?lm comprises the steps 
of: 

depositing a ?rst insulation ?lm on said substrate; depos 
iting an etching stopper layer on said ?rst insulation 
?lm; and depositing a second insulation ?lm on said 
etching stopper layer, said step of forming said ?rst 
groove comprises the step of: etching said ?rst insula 
tion ?lm until said etching stopper layer is exposed, and 
Wherein said step of forming said second groove com 
prises the step of etching said etching stopper layer and 
said second insulation ?lm until said second groove 
reaches a bottom principal surface of said second 
insulation ?lm. 


